SYNOPSIS A study has been made of the antibiotic sensitivity pattern of 96 strains of Proteus isolated from clinical material and a further 29 strains kindly supplied by Dr. Patricia Carpenter. The results have been analysed in relation to the different species. The effect of electrolytes on the penicillin sensitivity of Proteus species has also been examined.
The chemotherapy of infection due to organisms of the Proteus group is often discussed as if the problem were the same for all species and indeed differentiation of the individual species is frequently not recorded in investigations of this nature. In fact the different species show marked differences in antibiotic sensitivity, and the present study was undertaken to investigate the problem more carefully.
Another point which seemed worth investigating was the effect of electrolytes on the antibiotic sensitivity of Proteus species. Both Naylor (1960a) and Sandys (1960) have recommended the use of an electrolyte-deficient medium to prevent the swarming of Proteus. Subsequently Naylor (1960b) reported that strains of Proteus species showed an increased sensitivity to penicillin when tested on such a medium.
MATERIALS AND METHODS
Ninety-six strains were isolated from specimens sent to a routine clinical bacteriological laboratory and as might be expected the majority of these (82) were strains of Pr. mirabilis; seven were Pr. vulgaris and seven Pr. rettgeri. In addition 12 strains of Pr. morgani, eight of Pr. vulgaris, and nine of Pr. rettgeri were kindly sent to us by Dr. Patricia Carpenter from the Central Public Health Laboratory. Identification of the different species was based on the scheme adopted by Dr. Carpenter at the Dysentery Reference Laboratory (unpublished). All strains were urease positive. Their other reactions are given in Table I. ANTIBIOTIC SENSITIVITY TESTS The minimum inhibitory concentrations were estimated by the technique of serial dilution in agar and the inoculum, unless otherwise stated, was a standard 1 mm. loopful of approximately 1 in 500 dilution of an overnight broth culture.
Bactericidal tests were carried out by the cellophane transfer technique.
The cephalosporins used were kindly supplied by Glaxo Laboratories. They are all derivatives of cephalosporin C and have the nucleus 7-amino-cephalosporanic acid. Phenylacetyl cephalosporin has the same side chain as benzyl-penicillin. Cephalothin has a thienyl acetyl side chain. G/87/4 is the pyridine salt of cephalothin.
CULTURE MEDIA For most purposes the culture medium consisted of Lab-lemco 1 %, peptone 1 %, and NaCl 0-5 % with or without 1-2% Davis New Zealand agar.
For testing the effect of electrolytes two basic electrolyte-deficient media were used: 1 Lab-lemco 03 %, peptone 0-5 % as recommended by Naylor (1960a) referred to as Lab-lemco 0-3 % medium; 2 Lab-lemcopeptone, tryptone, and mannitol 0-4% each as recommended by Sandys (1960) These results are probably related to penicillinase activity (Ayliffe, 1963 The same strain of Pr. mirabilis was tested for salt. No such increase was noted with chlorampheni-sensitivity to benzylpenicillin and ampicillin by the col, tetracycline, and novobiocin with any of the serial dilution method in 0 3y% Lab-lemco broth bacteria tested.
with or without salt, in horse serum, and in normal human urine containing 1 % glucose. It will be seen EFFECT ON PENICILLIN SENSITIVITY OF PROTEUS from Table VII that the absence of salt caused a SPECIES A penicillin-sensitive strain of Pr. mirabilis four-fold increase in sensitivity to both penicillins was tested for sensitivity to benzylpenicillin, ampicil-and that in urine (which has a high salt content) the lin, streptomycin, and chloramphenicol by the organisms were four times more resistant than in agar-cup diffusion method, on 03 Y% Lab-lemco Lab-lemco agar with 0-5 % salt. Results in serum agar with and without sodium chloride, on routine were similar to those in Lab-lemco plus salt in the 1 0% Lab-lemco plus horse blood alone and plus case of ampicillin, but there was a two-fold decrease additional agar, and on McConkey agar. It will be in sensitivity with benzylpenicillin. The effect of other electrolytes on the sensitivity of Proteus to benzylpenicillin was next studied. One strain of each of the four species was tested by the serial dilution method in Lab-lemco-tryptonemannitol broth without salt, and with 0-5 % of various electrolytes. The results are given in Table  VIII mirabilis tested by us fell clearly into two groups. One group was sensitive to from 2 to 8 ,tg./ml. ampicillin, regardless of the size of inoculum used, whereas strains of the other produced a penicillinase and were highly resistant to all the penicillins. As will be seen from the initial screening results shown in Table 11 (+) sitivity on other media which inhibit swarming (e.g., 6% agar, McConkey medium). Our results suggest that penicillin is more actively bacteriostatic against Proteus species in the absence of electrolytes. Whatever the cause of the phenomenon, salt-free media are unsuitable for penicillin-sensitivity tests of these organisms. No similar phenomenon was noted with bacteria of other genera and the penicillins, or with other antibiotics, except for the streptomycin group, the activity of which against all bacteria is depressed by sodium chloride.
